The aim of the present work was to analyse the hypocholesterolaemic efficiency of a Vicia fabaprotein isolate in relation to the intact legume. In addition, the mechanisms underlying the effects of this isolate were investigated. Hypercholesterolaemic rats were divided into three groups n10 Â 3 and fed high-fat diets rich in cholesterol-containing casein, whole seeds of Vicia faba or the protein isolate of faba beans as protein source, for 2 weeks ad libitum. The protein isolate was prepared by isoelectric precipitation and spray dried. Analyses of serum, liver and faeces, as well as of the activity of hepatic 3-hydroxy-3-methylglutaryl (HMG)-CoA reductase, were assessed by enzymatic methods. The rats fed on Vicia faba diets showed significantly lower body weights and energy intakes than rats fed on casein diets. The wholeseed diet induced a significant reduction in plasma triacylglycerol. Feeding rats on diets containing faba bean seeds, or the protein isolate, induced a significant decrease in plasma (LDL+VLDL)-cholesterol but not in HDL-cholesterol. Hepatic cholesterol and triacylglycerol were also reduced. The hypocholesterolaemic effects of Vicia faba were not the result of a reduction in cholesterol synthesis as assessed from HMG-CoA reductase activity, but the result of an increase in steroid faecal excretion. The faba bean-protein isolate obtained under our experimental conditions was useful in improving the metabolic alterations induced by feeding with a hypercholesterolaemic diet compared with casein. The effectiveness of the whole seeds was higher than that of the protein isolate.
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Faba bean: Protein isolate: Hypercholesterolaemia
Cholesterol is an important constituent of living tissues by virtue of its dual role both as a structural component of biological membranes, and as a precursor of cholecalciferol, steroid hormones and bile acids. Cholesterol also acts as a risk factor for adverse conditions such as cardiovascular diseases and cholelithiasis. Several studies have demonstrated that lowering LDL-cholesterol diminishes both cardiovascular and overall mortality (Dwyer, 1995) .
It is well known that diet plays an important role in the control of cholesterol homeostasis. In this context, it has been reported that legumes lower serum LDL-cholesterol (Duane, 1997) . Although most of the studies have been carried out using soyabean, other legumes such as kidney beans, peas, chickpeas, etc have also shown hypocholesterolaemic properties (Sharma, 1987; Kingman et al. 1993; Zulet & Martõ Ânez, 1995; Zulet et al. 1999b) . Different components such as protein, amino acids and peptides, isoflavones, saponins, phytic acid, fibres, and protease inhibitors have been suggested as being responsible for the hypocholesterolaemic effect of legumes (Potter, 1995; Fru Èhbeck, 1996a,b) . Nevertheless, the results remain inconclusive.
In this context, a great many studies have focused on the hypercholesterolaemic effect of legume protein compared with proteins from animal origin, such as casein. It has been demonstrated that the serum cholesterol concentration in rats fed on soyabean protein was significantly lower than that in rats fed casein (Forsythe, 1986; Tanaka & Sugano, 1989) .
With regard to the mechanisms underlying the effects of soyabean protein, Nagata et al. (1982) showed that soyabean protein increased faecal cholesterol excretion as a consequence of a reduction of intestinal absorption. In other studies, it has been suggested that soyabean protein increases cholesterol saturation of bile by increasing biliary secretion of cholesterol (Potter, 1995) . Moreover, consumption of soyabean protein may be associated with an increased removal of LDL and VLDL by hepatocytes as compared with casein consumption (Khosla et al. 1991) . The aim of the present work was to analyse the hypocholesterolaemic efficiency of a Vicia faba-protein isolate in relation to the intact legume. In addition, the mechanisms underlying the effects of this isolate were investigated.
Materials and methods

Protein isolate preparation
Faba bean proteins were isolated from seeds of Vicia faba, obtained from a local supplier, according to the method described by Thompson (1977) and modified by Ferna Ândez-Quintela et al. (1997) . Briefly, dehulled seeds were ground to obtain a flour with a particle size , 0´7 mm. Aqueous dispersion of this flour (1:5, w/v) was adjusted to pH 9´0 with 1 M-NaOH and then centrifuged (1000 g for 20 min, at room temperature). The supernatant fraction was adjusted to pH 4´0 with 1 M-HCl and centrifuged again. Finally, the protein pellet was resuspended in water (1:5, w/ v), adjusted to pH 7´0 with 1 M-NaOH, and the final suspension was spray dried as described by Otegui et al. (1997) .
Legume seed and protein isolate composition analysis
For this analysis, the official methods of the Association of Official Analytical Chemists (1997) were used. Water and ash contents were determined gravimetrically, total protein by the Kjeldahl method, fat by diethyl ether extraction in a Soxhlet apparatus, crude fibre by a chemical±gravimetric method, and carbohydrates were extracted by perchloric acid and quantified by the antrona spectrophotometric method. Results are shown in Table 1 .
Experimental design
Male Wistar rats (Charles River, Barcelona, Spain) were used for this experiment. Animals were housed individually and maintained in a temperature 23^28C and humidity (50 %)-controlled room with 12 h light±dark cycle, lights on at 08.00 hours, with free access to water and food. Thirty-five rats (195 (SE 5) g) were fed on a high-fat diet rich in saturated fatty acids and cholesterol (HC) ad libitum for 3 weeks, in order to induce a hypercholesterolaemic status (Zulet et al. 1999a) . At the end of this period, five rats were killed to check that hypercholesterolaemia was achieved. The remaining thirty rats (278 (SE 2) g) were randomized and assigned to three groups receiving the following diets ad libitum for 2 weeks: one hypercholesterolaemic-control group (HC, n 10) was maintained on the diet HC, another group (HS, n 10) received the high-fat diet rich in cholesterol containing whole seeds of Vicia faba (HS diet), and the third group (HI, n 10) received the highfat diet rich in cholesterol containing the protein isolate of faba beans (HI diet).
An additional reference-control group of rats with a mean body weight of 195 (SE 3) g (C, n 10) was fed on a semi-purified control diet during the 5 weeks of the whole experimental period. The values of the studied variables obtained from this group were used to assess if the changes induced by legume dietary treatments reached the baseline values.
The composition of diets is given in Table 2 . According to the results of the seed and protein isolate composition analysis (Table 1) , both legume diets (HS and HI) were formulated so that each diet provided approximately the same amount of proteins, carbohydrates, lipids, vitamins, minerals, cholesterol and cholic acid as the HC diet. Food intake was measured each day during the treatment period. During the last 4 d, the faeces were individually collected and stored at 2808C until analysis. At the end of the experimental period and after an overnight fast, the rats were decapitated. Blood was collected and centrifuged, and the serum was frozen and stored (2808C) until analysis of the biochemical variables. The liver and the spleen were excised, weighed and washed in cold saline (9 g NaCl/l) solution, and immediately frozen in liquid N 2 and stored at 2808C for subsequent analyses.
Serum analyses
Serum samples were analysed for total cholesterol, HDLcholesterol and triacylglycol levels in a BM/HITACHIe 717 Autoanalyser (Hitachi Instruments Inc. San Jose, CA, USA) by using commercial kits (Triacylglycerol GPO-PAP and Choleste Ân CHOD-PAP; Boehringer Mannheim GmbH, Mannheim, Germany). The cholesterol-lipoprotein (LDL+VLDL) fraction was separated from the HDL fraction by precipitation with dextran sulfate±MgCl 2 (Warnick et al. 1982) . The (LDL+VLDL)-cholesterol was calculated by the subtraction of HDL-cholesterol from total cholesterol. The atherogenic index was calculated as the (VLDL+LDL)-cholesterol:HDL-cholesterol ratio.
Analyses of hepatic lipids
Hepatic lipids were extracted with chloroform±methanol (2:1, v/v) using the method of Folch et al. (1957) . The total lipids were measured gravimetrically after solvent evaporation under N 2 stream. Hepatic fat-free mass was estimated as the difference between the hepatic weight and the fat content.
The lipid extract was dissolved in isopropanol. Total cholesterol was quantified by an enzymatic method (Roschlau et al. 1974) , free cholesterol was analysed by the same method, but lacking esterase enzyme, and esterified cholesterol was estimated as the difference between the total and the free cholesterol. Phospholipids were measured by the colorimetric method of Baginsky et al. (1967) , and triacylglycerol was measured enzymatically by using a commercial kit (Triglyceride GPO-PAP, Boehringer Mannheim GmbH).
3-Hydroxy-3-methylgutaryl-CoA reductase activity
The enzyme 3-hydroxy-3-methylglutaryl (HMG)-CoA reductase was isolated from hepatic microsomes following the method number one described in the paper of Kleinsek et al. (1981) . The enzyme activity in solubilized fractions was assayed spectrophotometrically at 340 nm by measuring the rate of NADP + release (Kleinsek et al. 1981) . The results were expressed as nmol NADP + /min per mg protein.
Faecal analyses
Neutral and acid faecal steroids were extracted by the method described by Kalek et al. (1984) . Cholesterol in the neutral fraction was quantified by an enzymatic method (Roschlau et al. 1974) , and bile acids in the acid fraction were measured by the hydroxysteroid dehydrogenase method described by Talalay (1960) as modified by Turley & Dietschy (1978) .
Statistical analysis
Values are presented as means with their standard errors. ANOVA tests were used to test the significance of differences P , 0´05 among groups with subsequent Duncan's t test for mean comparisons.
Results
Food intake and final body weight
Food intake was significantly lower in groups HC, HS and HI than in group C. However, energy intakes as well as final body weights were lower in the rats fed on both legume diets than in rats fed on casein diets (Table 3) . Table 4 shows the effects of the different diets on triacylglycerol and cholesterol contents in serum. The rats fed on the HC and HI diets showed similar values of serum triacylglycerol as the reference-control rats (C). In contrast, when faba bean seeds were used as source of protein (diet HS) the rats showed a significantly lower triacylglycerol level.
Serum lipids levels
Serum total cholesterol concentration was significantly lower in the rats fed on the HS and HI diets than in those fed on the HC diet. Despite the hypocholesterolaemic effect 
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Vicia faba and hypercholesterolaemia of faba beans, the rats in groups HS and HI showed higher cholesterol levels than reference-control rats (C). These dietary modifications were specific for (LDL+VLDL)cholesterol because no significant differences in HDLcholesterol concentration were found among the four experimental groups. Feeding faba bean resulted in significantly lower atherogenic index values P , 0´05X
Liver weights and hepatic composition
The inclusion of faba bean seeds in the high-fat hypercholesterolaemic diet induced a significant decrease in liver weight as compared with the casein-based high-fat hypercholesterolaemic diet. Mean liver weight in the HI group was between those of the HC and HS groups. When data were adjusted per body weight no significant differences were found among HC, HS and HI groups.
The three high-fat hypercholesterolaemic diets led to a significant increase P , 0´05 in liver weight as compared with reference-controls (C), which was due to an increase in both fat mass and fat-free mass. Concerning fat mass, the three measured components: total cholesterol, phospholipids and triacylglycerol, were significantly increased P , 0´05; Table 5 ).
By comparing the liver composition in the groups HC, HS and HI it was observed that the amount of liver fat was significantly lower when rats were fed on legume-based diets (HS and HI). In contrast, no significant differences were found in fat-free mass, indicating that the faba bean diets did not produce malnutrition. Consequently, the fat mass:fat-free mass ratio was significantly lower in those groups than in the group HC P , 0´05X
Total cholesterol content was significantly lower in rats fed on the HS and HI diets than in rats fed on the HC diet P , 0´05X The lowest value was observed for the group HS. The decreased cholesterol content present in this group, compared with the HC group, was due to a reduction in both free and esterified pools; in contrast, in the group HI only free cholesterol was reduced.
The groups HC and HI had similar phospholipid contents. In both cases, the values were significantly lower than those of the group HS P , 0´05X Finally, faba bean feeding (HS and HI) induced a reduction in triacylglycerol content as compared with casein (HC). No significant differences were found between the groups fed on the whole seeds or the protein isolate.
Faecal lipid excretion
When compared with the group C, the HC, HS and HI fed rats showed an increased faecal lipid excretion. This 
C, rats fed on control diet; HC, rats fed on hypercholesterolaemic diet with casein; HS, rats fed on hypercholesterolaemic diet with Vicia faba seeds; HI, rats fed on hypercholesterolaemic diet with Vicia faba protein isolate. a,b,c,d Mean values within a row with unlike superscript letters were significantly different P , 0´05X * For details of diets and produces, see Tables 1 and 2 and p. 608. ² Defined as (VLDL+LDL)-cholesterol:HDL-cholesterol ratio.
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M. T. Macarulla et al. increase was greater in the HS group when compared with HC and HI groups P , 0´001 (Table 6) .
Giving faba bean seeds in the high-fat hypercholesterolaemic diet instead of casein produced a marked increase in cholesterol excretion. This effect was maintained when faba bean was added as protein isolate, although in this case the amount of cholesterol excreted was lower than that of the group HS. A significant increase P , 0´05 in bile acid excretion was also observed with faba bean seeds but not with protein isolate.
3-Hydroxy-3-methylglutaryl-CoA reductase activity
Liver HMG-CoA reductase activity was significantly decreased by the three high-fat hypercholesterolaemic diets as compared with the controls P , 0´05X When comparing these diets we observed that the group HS presented a significantly higher enzyme activity than the groups HC and HI P , 0´05; Fig. 1 ).
Discussion
The hypocholesterolaemic effect of soyabean seeds and its proteins is well documented (Potter, 1995) . However, the efficacy of other legumes on cholesterol metabolism has not been adequately demonstrated. The present work focused on the hypocholesterolaemic effects of faba bean, a legume commonly consumed in some European countries, particularly in the Mediterranean area.
Under our experimental conditions, body weights were lower in rats fed on faba bean-based diets than in rats fed on casein-based diets, probably because of the different energy intakes. Although no significant differences were found among HC, HS and HI groups when liver weights were adjusted per body weight, liver size was significantly enhanced by the intake of all hypercholesterolaemic diets as compared with the reference-control group (C), due to an increase in both fat mass and fat-free mass. The increase induced by the inclusion of Vicia faba in the diet was lower than that induced by the HC diet, due to minor fat accumulation.
Faba diets (HS and HI) showed a hypocholesterolaemic effect as compared with the HC casein diet (Table 4) . Nevertheless, the rats in these groups remained hypercholesterolaemic because they showed significantly higher plasma levels than reference-control rats (C). The effects of the legume on (LDL+VLDL)-cholesterol were responsible for the hypocholesterolaemic effect, because no significant differences were found in HDL-cholesterol. These results are in good accordance with several published reports where the hypocholesterolaemic properties of other legume seeds and legume proteins were demonstrated (Marfo et al. 1990; Lasekan et al. 1995; Dabai et al. 1996) .
The effect of legume proteins has been attributed to their amino acid profile (Nagata et al. 1982; Dabai et al. 1996) which leads to limited number of LDL particles being available for the transport of cholesterol in the plasma (Kingman et al. 1993 ). Thus, a high lysine:arginine ratio induces hypercholesterolaemia (Kritchevsky et al. 1982) , as do a high methionine content and a high methionine: glycine ratio (Tanaka & Sugano, 1989) . In this context it is important to point out that the lysine:arginine ratios for casein, faba bean seeds and protein isolate obtained in previous studies from our laboratory were 0´96, 0´33 and 0´26 respectively, the methionine content for casein, faba bean seeds and protein isolate were 19, 5 and 7 mg/g Fig. 1 . Hepatic 3-hydroxy-3-methylglutaryl (HMG)-CoA reductase activity in rats (ten per group) fed on the experimental diets for 2 weeks. For details of diets and procedures, see Tables 1 and 2 and p. 608. Values are means with the standard errors of the means, shown by vertical bars. a,b,c Mean values with unlike superscript letters were significantly different P , 0´05X C, rats fed on control diet; HC, rats fed on hypercholesterolaemic diet with casein; HS, rats fed on hypercholesterolaemic diet with Vicia faba seeds; HI, rats fed on hypercholesterolaemic diet with Vicia faba protein isolate. C, rats fed on control diet; HC, rats fed on hypercholesterolaemic diet with casein; HS, rats fed on hypercholesterolaemic diet with Vicia faba seeds; HI, rats fed on hypercholesterolaemic diet with Vicia faba protein isolate. a,b,c,d Mean values within a row with unlike superscript letters were significantly different P , 0´05X * For details of diets and procedures, see Tables 1 and 2 and p. 608.
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Vicia faba and hypercholesterolaemia protein respectively, and the methionine:glycine ratios were 0´85, 0´17 and 0´29 for casein, faba bean seeds and protein isolate respectively , 1998 . These data can help to explain the hypocholesterolaemic effect induced by the HS and HI diets. The HS diet produced a stronger decrease in (LDL+VLDL)-cholesterol than the HI diet P , 0´05Y because the reduction in cholesterol absorption induced by the fibre contained in the whole seeds is added to that of the components in the isolate (Amigo et al. 1992; Potter, 1995) . In addition, the fructose component of the saccharose present in the HI diet may have contributed to the observed differences between HI and HS groups (Roche, 1999) .
The effects of faba bean on cholesterol metabolism were also observed in the liver. Thus, liver total cholesterol was significantly lower in rats fed on faba bean than in rats fed on casein (HC) P , 0´05; Table 5 ). This reduction, as well as the decrease in plasma cholesterol, was more marked in the group fed on whole seeds than in the group fed on the protein isolate P , 0´05X In addition, in this case the effect of the fibre and other non-protein components of the seeds as well as the fructose component of the saccharose present in the HI diet can account for differences in liver total cholesterol between HS and HI groups.
Since cholesterol is eliminated from the body primarily via the hepatobiliary system itself or as bile acids, an increased cholesterol output from the liver via bile in the groups HS and HI could be suggested. Thus, in the liver of the rats fed on faba bean, cholesterol would be removed via bile rather than secreted into the circulation. In order to test this hypothesis, cholesterol and bile acids were determined in faeces (Table 6 ). Feeding the faba bean-protein diet (HI) resulted in an increased cholesterol excretion in faeces as compared with the HC diet, but the excretion of bile acids was not changed. This fact may indicate that the increase in faecal cholesterol excretion was solely due to an enhanced biliary cholesterol excretion and not to a reduction in cholesterol absorption. Some authors have reported that soyabean protein may be less digestible than casein and that the undigested protein could bind bile acids, facilitating their excretion and preventing their absorption (Tersptra et al. 1994) . The discrepancy with the study from Terpstra et al. (1994) could be due to the fact that we did not observe any difference in digestibility between casein and isolated faba bean proteins in a previous study (Ferna Ândez-Quintela et al. 1998) .
The intact faba bean diet (HS) induced an increase in both cholesterol and bile acid faecal excretion, suggesting the involvement of an increase in biliary cholesterol secretion and a reduction in sterol absorption due, at least in part, to fibre. The higher biliary cholesterol excretion observed in HS group as compared with HI group can be explained by the saponin content of the seeds (Rigotti et al. 1989) .
Since HMG-CoA reductase is a key enzyme in the synthesis of cholesterol, the activity of this enzyme was assessed in the liver of the rats in order to determine if changes in cholesterol synthesis were also involved in the hypocholesterolaemic effect of faba bean. The data obtained in the present study ( Fig. 1) suggest that this effect cannot be explained by a reduction in the activity of this enzyme. The HI group did not present significant differences from the HC group, and the HS group showed a significantly increased activity as compared with the HC group, probably due to the proposed reduction in cholesterol and bile acids absorption, and to the lower hepatic cholesterol content. The decreased enzyme activity observed in the groups HC, HS and HI as compared with the reference-control group (C) can be explained by the high cholesterol intake, because it has been demonstrated that this situation leads to the accumulation of cholesterol in liver which inhibits the HMG-CoA reductase activity (Brown & Goldstein, 1986) .
It is important to consider the distribution of liver total cholesterol in two pools, free and esterified, because it has been demonstrated that free cholesterol down-regulates LDL-cholesterol receptors (Daumiere et al. 1992) . Thus, the reduced free cholesterol pool showed by the rats fed on faba bean (HS and HI) in comparison with those fed on casein (HC) could be mediating, at least in part, the reduced plasma (LDL+VLDL)-cholesterol concentrations observed in these rats.
On the other hand, it is interesting to emphasize the reduced liver triacylglycerol content in the rats fed on the faba bean as compared with those fed on casein (HC) ( Table 5 ). This reduction contributes to a decreased liver weight in these rats. It has been demonstrated that dietary fibre significantly increases faecal fat excretion by reducing the efficiency of fat digestion and by inhibiting the pancreatic lipase activity (Lairon, 1996) . Other authors have proposed that the reduced liver triacylglycerol content may be due to a reduction in lipogenesis induced by legume protein (Nagata et al. 1982; Iritani et al. 1986 ). Hepatic phospholipids were significantly increased in the group HS. This could be related to an increased biliary phospholipid output due to saponins, as suggested by Rigotti et al. (1989) .
Feeding rats high-fat hypercholesterolaemic diets did not induce hypertriacylglycerolaemia (Table 4) , as in other studies (Zulet et al. 1999a) . Surprisingly, when faba bean seeds were used as source of protein, plasma triacylglycerol levels were significantly reduced and remained lower than those of reference-control rats (C). This fact may be related in part to the lower final body weight reached by rats in the HS group compared with rats fed the control casein diet. Higher body weights are usually accompanied by higher serum triacylglycerol levels. Since the inclusion of a faba bean-protein isolate in the diet did not lead to a significant decrease in plasma triacylglycerol as compared with the reference-control rats (C), it may be suggested that the change induced by faba bean-seed diet is attributable to its small content of saccharose and to the non-protein components, like fibre, which are present in the seeds and eliminated during the isolate obtention process. In this context, it has been described previously that fibre can reduce the absorption of dietary fat (Lairon, 1996) . This hypothesis is supported by the fact that despite having a similar fat intake, rats fed on faba bean seeds excreted a significantly higher amount of fat than rats fed on casein (HC) ( Table 6 ). Nevertheless, it may be supposed that this 612 M. T. Macarulla et al. is not the only explanation, because if it were so, triacylglycerol levels in the HS group would not be lower than that of the reference-control rats (C) fed on a standardfat diet. A potential explanation could be the greater amount of simple sugars in the HC diet than in the HS diet (Roche, 1999) . Taking all these results into account, it can be concluded that the faba bean protein-isolate obtained by using the method previously described was useful to improve the metabolic alterations induced by feeding a hypercholesterolaemic diet compared with casein. Nevertheless, the effectiveness of this isolate is lower than that of the whole seeds probably because various components present in the intact bean (fibre, saponins, flavonoids, tripsin inhibitors, phytosterols, etc) can be acting and their effects are added. The influence of the fructose component of the saccharose present in the HI diet should not be disregarded when comparing HS with HI diets. The hypocholesterolaemic effect of faba bean proteins is the result, at least in part, of an increased faecal cholesterol excretion, whereas in the case of whole seeds a reduced steroid absorption is added to this mechanism.
